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Abstract 
This study tested a new air-abrasive system (KCP 2000 , American Dental 
Technologies , Troy, MI) as a substitute for acid etching to condition enamel and dentin 
surfaces for sealants and bonded composite restorations . 
Thirty specimens were tested for shear bond strength of composite to enamel 
surface conditioned with : 1) 10% maleic acid, 15 sec.(control) ; 2) air-abrasion at 120 psi 
and 50 µm particle size, 3 sec.; and 3) air-abrasion plus maleic acid. Thirty specimens 
were tested for composite shear bond strength to dentin conditioned with : 4) 10% maleic 
acid, 15 sec. (control) ; 5) air-abrasion at 120 psi and 50 µm particle size, 3 sec.; and 6) 
air-abrasion plus maleic acid. Thirty specimens were tested for shear bond strength of 
sealant to enamel surface conditioned with : 7) 3 7% orthophosphoric acid, 60 sec. 
(control); 8) air-abrasion at 120 psi and 50 µm particle size, 3 sec.; and 9) air-abrasion 
plus orthophosphoric acid. 
Marginal microleakage of twelve molars with a class V composite restoration 
prepared with a 3 3 0 high speed bur and conditioned with 10% maleic acid was compared 
to eleven molars with a class V composite restoration prepared with air-abrasion at 160 
psi and 27 µm particles size and conditioned at 120 psi and 50 µm pa~icle size. All the 
samples from microleakage and shear bond strength tests were thermocycled for 300 
cycles between 5°C and 60° C±2° with a dwell time of 30 sec. and transfer time of 15 sec. 
The shear bond strength results were recorded in :MJ>a and were as follows: 
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Composite to enamel, group 1: 10.7±3.6, group 2 : all specimens failed before the shear 
bond strength test , group 3: 14±1.9; Composite to dentin, group 4 : 18.5±5.1, group 5: 
3.1±2.0, group 6: 11.1±5.8 ; Sealant to enamel, group 7: 7.5±2 .0, group 8: 0.3±0.1 , group 
2_: 9.7±3 . 
The ANOV A test and Scheffe Pairwise Comparisons tests for the composite to 
dentin group showed that the acid etching was significantly stronger than the air.1.abrasion 
treatment alone, but equivalent to the air-abrasion plus the acid etching (ps;0.01). The 
student t-test applied to the sealant to enamel group revealed that bond strength with acid 
etching was significantly higher than air-abrasion (p<0 .001) . 
The mean marginal microleakage values (mm) were as follows: Air-abrasion 
group, occlusal site : 0.75±0.2 , cervical site: 0.7±0.4 ; 330 bur group, occlusal site: 0.46± 
0.2, cervical site : 0.86±0.4 . The ANOVA and Scheffe Pairwise Comparisons tests showed 
a significantly higher microleakage in the cervical site of the 330 bur group (ps;0.01). 
This study showed that the air-abrasive technique can be effective for bonding 
when used in conjunction with acid etching but it cannot be used as a sole conditioner 
prior to bonding composite or sealant to enamel or dentin. 
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Introduction 
During the last decades dentistry has been improving tremendously . New 
materials, new tools , and new techniques have been available for the dentist . However , we 
are still looking for "dentistry without pain", quick, easy and effective. 
Recently a new air-abrasive system has been introduced to the market (KCP 2000, 
American Dental Technologies , Troy, MI), that delivers alumina particles of various sizes 
(27 µm and 50 µm), at different pressures (80 psi, 120 psi, and 160 psi), to remove enamel 
defects , caries, and old composite restorations (Figure 1, Figure 2 and Figure 3). The 
system prepares the surface for composite and laminate margins repair, it conditions 
enamel and dentin for bonding purposes (Goldstein RE and Parkins FM, 1994), producing 
no heat, no vibration or pressure (Black RB, 1945), and without the necessity of local 
anesthetic. 
Even though the air-abrasion technique has been known for long time (Black RB, 
1945), its popularity suffered because of some drawbacks. The first air-abrasive system 
(Airdent , S.S.White Co.) was introduced in the market in the forties, and in 1951 almost 
twenty dental schools were providing courses in the air-abrasive technique (Morrison AH 
and Berman L, 1953). However , at that time amalgam was the filling material of choice, 
and retention was still a major problem. In fact, cavity preparations obtained with the air-
abrasive device have rounded axial wall angles, and need the auxiliary use of rotary 
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Figure 1. The Air-abrasive system KCP 2000 
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Figure 2. KCP 2000 alumina particles before usage (27 µm and 50 µm) . 
Figure 3. KCP 2000 alumina particles after usage (27 µm and 50 µm). 
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instruments if amalgam has to be placed (Black RB, 1950). Moreover , the cost , the 
dimensions of the machine, and the limited application in the cavity preparations , restricted 
its application (Epstein S, 1951 ). 
The introduction in 19 5 5 of the bonding technique by Buonocore (Bono core MG, 
1955), changed the concept of the cavity preparation outline. At the present time, 
dentistry is going towards a more conservative and esthetically influenced way to restore 
the tooth structure . The use of bonded restorations is increasing, and the interest in the 
air-abrasion technique has been renewed. According to the manufacturer , the 
characteristics of the air-abrasion technique lends itself for preparation of class I, class III, 
and class IV cavities , and for conditioning the enamel and dentin surface directly for 
bonding . 
When a bonded composite restoration or a sealant is going to be placed, a dry field 
must be continuously maintained . The multi-step bonding technique requires time and 
effort to keep the working surface dry. The air-abrasion system modifies the surface of the 
enamel and dentin eliminating the need of acid etching, rinsing and drying, easing the 
multistep bonding technique . 
As mentioned earlier, one of the major clinical applications of the air-abrasive 
system is the possibility to condition enamel and dentin for bonding without using acid 
etching. The air-abrasion technique is able to produce changes on the . surface of the 
treated enamel (Katora ME et al., 1981) . Doty (Doty WD et al., 1994 ), in a SEM study 
showed that the effect of the air-abrasive steam on enamel surface produces an irregular 
pattern of tags with average depth between 4 µm and 15 µm, comparable to the 
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honeycomb tags pattern of 6 µm average produced by 3 7% orthophosphoric acid. 
The extent of mechanical retention after conditioning with the air-abrasion has 
been investigated by Lauren et al. (Lauren K et al., 1993a). They reported that the air-
abrasion at 160 psi was comparable to acid etching for the composite on enamel shear 
bond strength . Berry et al.(Berry EA et al., 1994), found that the air-abrasion treatment of 
the enamel enhances the bond strength of a hybrid ionomer when 120 psi and 160 psi 
particle delivery pressures were used . However , according to the authors , the air-abrasion 
did not eliminate the need of acid etching afterwards to achieve a proper dentin 
conditioning . Similarly, Roeder et al. (Roeder RB et al., 1994) tested the bond ~trength of 
composite bonded to enamel and dentin. They concluded that the air-abrasion treatment 
does not substitute acid etching before bonding, because air-abrasion without additional 
etching seemed to have the lowest bond strength values . Eakle et al. (Eakle WS et al., 
1994), reported high shear bond strength values of composite bonded to dentin after air-
abrasion at high pressure with 50 µm particles. 
Regarding the effects of air-abrasion to the pulp, Peyton and Henry (Peyton FA 
and Henry EE , 1954) reported in 1954 that , when an air-abrasive system is used to cut 
tooth tissue , there is a temperature raise of as much as 4° F or 5° F. In an histological 
study, Lauren et al. (Laurell K et al., 1993b) evaluated the effects of air-abrasion to the 
pulp for extent of displacement , disruption , inflammation and necrosis. They found that 
the air-abrasive system at 160 psi with 27 µm particles size was less damaging to the pulp 
than the high speed bur with watercoolant. 
The same author , found in 1994 (Lauren K et al., 1994a), that there was more 
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inflammation and disruption in the pulp when an amalgam restoration was removed with 
high speed handpiece with water spray compared to the air-abrasion at 80 psi and 50 µm 
particles size. 
Although the air-abrasive system has a high speed suction that is automatically 
activated when the particle steam is produced, the rubber dam must always be used, to 
avoid inhalation of the alumina particles by the patient. For the same reason , the dentist 
and the personnel must always wear masks and glasses. No studies have been published 
testing the potential danger of inhaling alumina particles by humans. However, a study on 
rabbits, guinea pigs and monkeys done by Kerr et al. in 1954 (Kerr DA et al., 1954), 
found generalized mild patchy fibrosis, free particles in the bronchi and peri-bronchial 
alveoli, and phagocytized -particles in the perivascular and peribronchial tissues and in the 
peribronchial lymphonodes . 
The air-abrasive technique is marketed as a system that can ease the dental 
profession and help to provide better quality care . However, the system still needs further 
testing . This study tests the potential of the system in conditioning the enamel and the 
dentin surface for bonded composite restorations. 
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Objectives 
The purpose of this study was to evaluate .in vitro an air-abrasion system (KCP 
2000) , as a cavity preparation technique and a dentin and enamel conditioner for bonded 
restorations . Shear bond strength , microleakage and SEM evaluation were used to 
characterize the effectiveness of the system. 
2 1 
Literature Review 
The introduction of the technique for adhesive bonding of resin materials to enamel 
by Buonocore (Buonocore MG , 1955), opened a new chapter of dentistry . This technique 
utilized selective dissolution of the enamel surface with phosphoric acid to create 
microporosities , increasing the bonding area and roughness , wettability and surface 
energy. Consequently the resinous restorative materials can wet and penetrate the enamel 
microporosities producing a mechanical interlocking between the restoration and the 
enamel (Buonocore MG, 1955). 
Unlike bonding to enamel, effective adhesion to the dentin has been less successful. 
The different dentinal organic , inorganic and water contents are the principal reasons of 
the less effective adhesion to the filling materials (Johnson GH et al., 1991 ) . Bonding to 
the dentin requires that the adhesive system must adhere and remain sealed in the presence 
of dentinal fluids, vital tissues and a porous , no"n uniform substrate (Johnson GH, 1991 ) . 
Moreover , the exposed dentin has a smear layer, a superficial layer of debris produced 
during cavity preparation. The smear layer has significant tenacity and cannot easily be 
rinsed or removed , and it partially occludes the dentinal tubules (Bertolotti RL, 1992). 
Even though the smear layer is attached firmly to the underlying dentin, there is 
controversy over whether it should be removed or modified to achieve a good adhesion 
(Erickson RL, 1992; Pashley DH et al., 1992). The current dentin bonding systems may 
remove , preserve or modify this layer. Van Meerbeek et al. (Van Meerbeek B et al., 
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1992), in an in vitro study, categorized the dentin bonding systems according to their 
morphological appearance after dentin treatment. However, regardless of dentin 
treatment , the actual adhesive mechanism is the micromechanical interlock produced 
between a hydrophilic and an hydrophobic bonding system molecule and the collagen 
fibers remaining after dentin conditioning. The penetrated bifunctional monomer is 
basically polymerized and locked in a subsurface dentin zone (Nakabayashi Net al., 1991; 
Ruyter IE, 1992). This intermixture that unites dentin and the cured resin is called resin-
dentin interdiffusion zone or hybrid layer (N akabayashi N et al, 1991). The hybrid layer is 
acid resistant , and its depth depends on the penetration of the hydrophilic resin and on the 
dentin surface permeability (N akabayashi N, 1991). The presence of the hybrid layer has 
been confirmed by in vivo studies (Ferrari M et al., 1994; Walshaw PR and McComb D, 
1994) . The in vivo width of the hybrid layer is reported to be 2 µm to 5 µm (Ferrari M et 
al., 1994), and 5 µm to 8 µm (Walshaw PR and McComb D, 1994), as found in vitro 
studies (Nakabayashi N, 1992). 
According to N akabayashi (N akabayashi N et al., 1991 ), the hybrid resin-dentin . 
layer not only provides increased bond strength , but also seals dentin, prevents marginal 
staining, hypersensitivity and secondary caries. According to the author (Nakabayashi Net 
al., 1991) there are three requirements necessary for hybrid layer formation : the presence 
of dentinal peptides ( especially collagen) , a dentinal adhesive system that has monomers 
with hydrophilic and hydrophobic groups that bond to the dentin and to the filling 
material, and a catalyst that can allow polymerization in the presence of oxygen and water. 
A good bonding agent must penetrate the dentin surface and polymerize in a moist 
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environment. One of the signs of good dentin penetration, in vitro, is a long length of the 
resin tags _(Erickson RL, 1992). However , Nakabayaschi et al. (Nakabayashi N et al., 
1991), reported that the resin tags' length correspond little to bonding strengths. The resin 
tags seem to be simply incidental, and their length just partially contribute to the strength 
of the adhesion (Pashley DH et al., 1992; Tao L and Pashley DH, 1988). Resin tags with 
same length produce different bond strengths, and the highest bond strength values 
correspond to the presence of the hybrid layer (N akabayashi N et al., 1991). The factor 
determining higher bond strength seems to be the presence of the hybrid layer (Pashley 
DH et al., 1992) . 
Since the introduction of dental adhesives in the dental profession , researchers 
have been studying to achieve the ideal adhesive system that . will fulfill all the mechanical 
and the esthetic requirements . New materials are on the market continuously , and need to 
be evaluated. There are different parameters to evaluate the efficacy of adhesive systems. 
The common tests in the laboratory environment are bond strength and microleakage 
measurements . Unfortunately , the in vitro methods vary from laboratory to laboratory , 
making it often impossible to compare results presented by different researchers and 
manufacturers (Oilo G, 1993). 
The American Dental Association (ADA), developed a protocol of requirements 
that the bonding systems must fulfill to be officially approved (ADA, Council of Dental 
Materials , Instruments and Equipment , 1994). The main criteria are biological safety, 
clinical effectiveness and rate of failure over eighteen month clinical trials . 
As mentioned earlier, one of the methods to test the adhesive systems is the bond 
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strength . This consists of breaking apart a bonded assembly to evaluate the strength of the 
bond . Three main factors influence the bond strength apart from the product itself: the 
applied force (test method) , the quality of the substrate (dentine), and the storage of the 
specimens before testing ( Oilo G, 1993). The debonding stress can be created by forces 
working parallel (shear bond strength) or perpendicular (tensile bond strength) to the 
tooth surface . During the test , it is critical to avoid bend or cleavage, and to maiptain the 
proper alignment. The tensile and the shear test methods seem to give values of 
comparable magnitude and to be equally representative as an in vitro test for the quality of 
dentin adhesive systems (Oilo G, 1993). 
A critical factor in evaluating a dentin bonding system is the dentin substrate . 
Olsson et al. (Olsson S et al., 1993) in a SEM examination of intact third molars, found 
that dentin cut from the buccal side seemed to have a more solid structure , fewer tubules 
and smaller openings . Moreover , deeper cuts into the dentin had less solid dentin and 
larger variation across the · surface . The decreased area of solid dentin is due to an 
increased number of tubules and enlarged tubule openings (Olsson S et al., 1993; Tao L 
and Pashley DH, 1988). The surface dentin layer of buccal dentin seems to be the most 
suitable for standardized measurements of dentin bond strength (Olsson S et al., 1993). 
Tao (Tao L and Pashley DH, 1988), reported that if the smear layer is preserved there is 
no difference in shear bond strength between superficial, middle and deep dentin. But, if 
the smear layer is removed with acid etching, the bond strength on superficial dentin was 
significantly higher than that on deep dentin. On the other hand, Chappell et al. ( Chappell 
RP et al., 1991), found that there is no absolute relationship between the total removal, the 
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partial removal or the modification of the smear layer and the resulting bond strength 
values . 
In order to best resemble the in vivo environment, the ADA Council of Dental 
Materials , recommends to thermocycling the bonded specimens before evaluating the 
shear bond strength of the materials (ADA, Council of Dental Materials , Instruments and 
Equipment , 1994). Thermocycling mimics the daily ingestion of hot and cold liquids and 
solids that are part of the normal diet so that the laboratory values are closer to the clinical 
performance of the material. Crim et al. (Crim GA and Mattingly SL, 1981; Crim GA and 
et al., 1985), found that thermal changes were more potent in demonstrating leakage than 
the non-cycled methods, and were the more effective procedures to simulate oral 
conditions. In order to determine a temperature range for thermocycling, Simmons et al. in 
1976 (Simmons EW et al., 1976), sealed a thermocouple in a mandibular first molar in 
vivo. The temperatures obtained from drinking hot coffee and iced tea were 49 ° C and 
4.4 ° C with a range of 45 ° C. Reproducing in vitro the thermal conditions and bathing pit 
and fissure sealants , they reported that a high percentage of early failure occur at less than 
500 cycles. However, Burger et al. (Burger KM et al., 1992), found no statistical 
difference in dentin bond strength among specimens that were bathed with 100, 500, 1000, 
2000 , and 4000 thermocycles . In another study Crim, (Crim GA and Garcia-Godoy F, 
1987) found that there was no difference in the amount of microleakage among specimens 
cycled 100 or 1500 times . However , specimens that were thermocycled immediately after 
curing exhibit higher microleakage, probably because in promptly cycled samples the 
expansion due to water sorption did not have enough time to take place . 
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The failure mode of the dentin-resin assembly, gives important information for 
determination of the weakness in the system · and to where further research should be 
directed to improve bonding (Tam LE and Pillar RM, 1994). Morphological surface 
analysis by means of SEM or optical microscope of specimens after the shear test can 
determine whether the fracture lies on the dentin/ composite interface , in the adhesive 
layer, or both . When the fracture site is in one of the materials on either side of the 
adhesive , is called cohesive failure . Fractures through the adhesive layer are called 
adhesive failure . The cohesive type failure are usually associated with higher bond strength 
(Chappell RP et al., 1991: Holtan JR et al., 1994; Oilo G and Austrheim EK, 1993; 
Plasmans P J et al., 1993 ), or with higher fracture toughness (Lin CP and Douglas WH, 
1994) . 
The efficacy of a bonding system to seal the interface between the tooth and the 
restoration , is commonly evaluated by the amount of microleakage. Different factors 
account for the presence of microleakage : polymerization shrinkage , thermal changes , and 
occlusal stresses (Olsson S et al., 1993). Microleakage seems to occur more at the 
gingival margins , placed either in cementum or in enamel (Chohayeb AA and Rupp NW, 
1988; Crim GA and Mattingly SL, 1981; Crim GA et al., 1985; Eakle WS and Nakamoto 
DK, 1989; Mandras RS et al., 1991 ) . The ce_rvical enamel has an irregular prismatic 
structure (Gwinnett AJ, 1967) and is not thick enough to counteract the contractions 
forces of the polymerization (Eakle WS and Nakamoto DK, 1989) . 
Several techniques have been used to evaluate marginal leakage , including 
radioisotope penetration (Crim GA et al., 1985), dye penetration (Crim GA and Mattingly 
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SL, 1981; Crim GA et al., 1985; Crim GA and Garcia-Godoy F, 1987; Mandras RS et al., -
1991; Staninec Mand Kawakami M, 1993) silver staining (Chohayeb AA and Rupp NW, 
1988; Eakle WS and Nakamoto DK, 1989; Kubo S et al., 1992a; Wu Wet al., 1983; Yu 
XY et al., 1992), and low-viscosity fluorescent resin (Torteson B and Oden A, 1989). The 
dye and the isotope penetrations are too diffuse and lacking in contrast to be easily 
interpreted (Wu W et al., 1983). According to Wu et al. (Wu W et al., 1983), the silver-
staining method gives a much sharper picture of the marginal penetration than the 
radioisotope method . Moreover , the precipitated silver particles do not diffuse into the 
adjacent tissue allowing longer specimen storage . Crim (Crim GA et al., 1985), reported 
no statistical difference among dye or radioisotope penetration if the samples were 
previously thermocycled. However , if dye is used, photographs of the specimens are 
required in order to have permanent recordings of the microleakage . On the other hand, 
radioactive isotopes require special handling and authorization for use. 
There is no significant difference in micro leakage if the specimens are stored for a 
day or immediately thermocycled . However , teeth cycled immediately show a slightly 
higher extent of dye penetration (Crim GA and Garcia-Godoy F, 1987). This is may be 
due to the uptake of water by polymers, which helps to improve the marginal adaptation 
of the restorative resin into the cavity. However , after the hygroscopic expansion, a gap 
may still persist (Torteson B and Oden A, 1989). Hansen and Asmussen (Hansen EK and 
Asmussen E, 1989) reported that after 28 days of water storage , the contraction gaps of a 
microfilled resin were closed, while in posterior macrofilled composite , resin gaps were 
reduced but persisted. The hygroscopic expansion seems to be related to the filler and 
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matrix ratio. The reduced quantity of organic material and the reduced fluidity results in a 
smaller hygroscopic expansion . On the other hand, the reduced resin amount should result 
in less polymerization shrinkage, but the volumetric contraction of a free resin has little 
relationship with the contraction in a cavity (Hansen EK, 1986; Hansen EK and Asmussen 
E, 1989). The quality of the resin matrix is also a determinant factor : the more cross-
linked the resin matrix the slower the water sorption (Braden M and Causton EE, 1976). 
Hansen (Hansen EK, 1986), studying the factor that may affect the polymerization 
contraction , found that it is independent from the cavity depth . However , it increases with 
the cavity diameter (Hansen EK, 1986; Mandras RS et al., 1991). Placement of the 
composite in two increments significantly reduces the gap width, but only if the layers are 
applied 'oblique' in order to reduce the volume/area ratio (Hansen EK, 1986; Torteson B 
and Oden A, 1989). The viscosity of the composite is another important factor in the 
polymerization shrinkage: the lower the viscosity the less the shrinkage (Hansen EK, 
1986; Torteson B and Oden A, 1989) and the microleakage (Staninec M and Kawakami 
M, 1993). 
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Materials and Methods 
One hundred and forty-five molars and premolars , stored in tap water at room 
temperature (23 ° C) were utilized in this study . One hundred and seventeen samples were 
utilized in the actual experiment. Twenty-eight specimens were utilized in the pilot study 
to determine the air-abrasive system settings appropriate for conditioning . The sources of 
the specimens were : Franciscan Children's Hospital (Allston, MA) and the Biomaterials 
Department of Boston University, Goldman School of Graduate Dentistry (Boston, MA). 
All the specimens had intact buccal or lingual surfaces , and they were randomly divided in 
11 groups and respectively tested for : 
1) shear bond strength of composite to enamel surface conditioned with 10% maleic 
acid ( control group enamel); 
2) shear bond strength of composite to enamel surface air-abraded at 120 psi and 50 
J.i1l particle size; 
3) shear bond strength of composite to enamel surface air-abraded at 120 psi and 50 
J-Un particle size and then conditioned with 10% maleic acid; 
. 4) shear bond strength of composite to dentin surface conditioned with 10% maleic acid 
( control group dentin); 
5) shear bond strength of composite to dentin surface air-abraded at 120 psi and 50 J.i1l 
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particle size; 
6) shear bond strength of composite to dentin surface air-abraded at 120 psi and 50 µm 
particle size and then conditioned with 10% maleic acid; 
7) shear bond strength of sealant to enamel surface conditioned with 3 7% 
orthophosphoric acid ( control group sealant); 
8) shear bond strength of sealant to enamel surface air-abraded at 120 psi and 50 µm 
particle size; 
9) shear bond strength of sealant to enamel surface air-abraded at 120 psi and 50 µm 
particle size and then conditioned with 3 7% orthophosphoric acid; 
JO) marginal microleakage of class V restoration prepared with 330 carbide bur and 
conditioned with 10% maleic acid ( control group micro leakage); 
11) marginal microleakage of class V restoration prepared with the air-abrasive system 
at 160 psi and 2 7 µm particle size and then conditioned at 120 psi and 50 µm particle 
size. 
The following materials were used : 
Bonding agent: Scothbond Multipurpose, 3M, Dental Division, St. Paul, MN ; 
Composite : Zl 00, 3M, Dental Division, St. Paul, MN; 
Sealant: He/ioseal, Vivadent, Liechtenstein . 
Pilot Study 
A pilot study usmg 28 samples was performed to determine the air-abrasion 
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settings that would give the higher shear bond strength values in conditioning dentin and 
enamel. All the possible combinations among particles sizes and delivery pressures were 
tested and statistically analyzed (ANOVA, SYSTAT , version 5.0 SYSTAT , Inc.) and 
found not statistically significant (p>0.05) . Ten specimens, five from group 3 and five 
from group 4 were tested for shear bond strength to assess the sample size of the 
experiment. 
Procedure 
Shear Bond Strength Testing 
All the specimens had one-third of the root sectioned with a slow speed saw 
(Isomet , Buehler , Evanston , IL) and then wer~ embedded in a slow setting epoxy resin 
(Epo Mix, Buehler , Lake Bluff, IL) . 
Group 4, 5 and 6 specimens were ground flat on the buccal or lingual surface with 
a high speed saw (Isomet 2000 , Buehler , Evanston , IL) to expose dentin . Group 1, 2, 3, 7, 
8 and 9 specimens were flattened with an abrasive wheel and smoothened with pumice 
flour before the bonding procedure . 
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Group 1: 
10 specimens were etched on the enamel surface with l 0% maleic acid for 15 sec, 
then rinsed for 15 sec with water and air dried. The Scothbond Multipurpose adhesive was 
applied (BisGMA and HEMA) , thinned with a quick air blow and light cured (Visilux 2, 
3M, Dental Products , St. Paul, :MN) for l 0 sec Gelatin capsules (Eli Lilly & Co, 
Indianapolis, IN) were filled up to one third with a vinyl polysiloxane (Empress, 3M, 
Dental Products , St. Paul , :MN), than one third was loaded with composite (ZlO0, shade 
Al-A3) and cured for forty seconds in all directions. The remaining third of the gelatine 
capsule was filled with composite just before positioning the capsule on the specimen 
bonded surface . Excess composite material was removed with a scaler prior to light curing 
for 40 sec from all directions. 
Group 2: 
The enamel surfaces of 10 specimens were air-abraded for 3 sec at a particles jet 
steam pressure of 120 psi, with particle size of 50 µm. The air!.abrasion settings were 
those suggested by the manufacturer , since the pilot study with all the possible setting 
combinations showed no statistical difference. The particles were removed from the 
enamel surface with a blast of air from the air-abrasive system, according to the 
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manufacturer instructions. The adhesive was applied, quickly air thinned, and light cured 
for 10 sec. The composite was applied with the gelatin capsule loaded with the same 
procedure as for group 1. The excess of material was removed with a scaler prior to light 
cure for 40 sec. 
Group 3: 
The enamel surfaces of 10 specimens were air-abraded for 3 sec at a particles jet 
steam pressure of 120 psi, with particle size of 50 µm . The remaining alumina particles 
were removed with a blast of air from the air-abrasion system unit. The specimens were 
then etched with 10% maleic acid for 15 sec, rinsed and dried. The adhesive was applied, 
gently thinned and cured for 10 sec The preloaded composite gelatine capsule was applied 
to the bonded surface , removing the excess of composite , and light cured for 40 sec from 
all directions . 
Group 4: 
The dentin surfaces of 10 specimens were etched with 10% maleic acid for 15 sec, 
rinsed with water for 15 sec and gently air dried. Scotchbond primer (HEMA and 
polyalkenoic acid) was then applied and air dried. The Scotchbond adhesive was placed, 
air thinned and light cured for 10 sec. Composite was placed with the preloaded gelatin 
capsule as previously described . The excess of composite was removed with a scaler prior 
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to light curing for 40 sec. 
Group 5: 
10 specimens were air-abraded on the dentin surface for 3 sec at a steam. pressure 
of 120 psi, with particle size of 50 µm. The particles were removed with a air-abrasive air 
jet blast. The primer was applied and air dried. The adhesive was placed, air thinned, and 
light cured for 10 sec. Composite was applied with the preloaded gelatin capsule as done 
previously . The excess of material was removed prior to light curing for 40 sec. 
Group 6: 
10 specimens were conditioned on the dentin surface with the air-abrasive system 
at 120 psi and 50 µm particle size. The remaining particles were removed with a air jet 
blast. 10% maleic acid was then applied for 15 sec, water rinsed for 15. sec and air dried. 
The primer was applied and dried, the adhesive was placed, thinned and cured for 10 sec. 
The composite was disposed with the preloaded gelatine capsule on the bonding site and 
cured in all directions for 40 sec. The excess of material was removed prior to cure . 
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Group 7: 
10 specimens were acid etching on the enamel surface with 3 7% orthophosphoric 
acid for 60 sec, water rinsed for 3 0 sec and air dried. Sealant was applied with a gelatin 
capsule preloaded for one third with vinyl polysiloxane , one third with cured sealant, and 
one third with uncured sealant. The capsule was then applied on the etched surface and 
light cured for 60 sec in all directions . 
Group 8: 
10 specimens were air-abraded on the enamel surface for 3 sec at a steam pressure 
of 120 psi and 50 µm particle size. The remaining alumina particles were removed with a 
air blast. Sealant was applied with gelatin capsules preloaded as in group 7 and light cured 
for 60 sec. 
Group 9: 
10 specimens were air-abraded on the enamel surface for 3 sec at a steam pressure 
of 120 psi and 50 µm particle size. The remaining alumina particles were removed with air 
blast , then were etched with 3 7% orthophosphoric acid for 60 sec, rinsed and dried. 
Sealant was applied with the preloaded gelatine capsule and light cured for 60 sec from all 
the directions . 
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Figure 4. Composite to dentin specimen ready for composite debonding test. 
Figure 5. Composite _to enamel and dentin specimens ready for debonding test. 
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After the bonding procedures, all the specimens were placed in water for 48 hours 
(Figure 4 and Figure 5). Thereupon the specimens were thermocycled for 300 cycles 
between 5 ° and 60 ° C ± 2 ° C, with a dwell time of 30 sec and transfer time of 15 sec. 
After 36 hours all specimens were tested for shear bond strength with a chisel-shaped rod 
on the Instron universal testing machine (model 4202, Instron Corp., Canton, MA) using a 
100-kg load cell, at crosshead pressure of 0.5 mm per minute. The rod was aligned 
immediately adjacent to the flat tooth surface in close proximity to the bonded composite 
or sealant post. The peak break point to debond the specimens was recorded in kg and 
converted in Newtons. Bond strength was calculated using the post mean surface area and 
expressed in MegaPascal (Newtons/area 2) . The shear bond strength in MPa of each 
specimen was then recorded on a spread sheet (Excel, version 5.0, Microsoft Co.). 
Microleakage Testing 
Group 10: 
A class V cavity preparation was prepared on the cervical third of the buccal or 
lingual surface of 12 molars and premolars with a #330 carbide bur using a high speed 
handpiece. No more than five cavities were prepared with the same bur. The cavity 
margins were all in enamel. All the cavities were at least 1. 5 mm deep, with the pulpal 
floor in dentin. The cavity diameter was approximately 3. 5 mm. Each cavity was acid-
etched, both enamel and dentin using 10% maleic acid for 15 sec, rinsing with water for 
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10 sec and slightly air drying. Primer was applied and air dried, adhesive was applied, 
gently air thinned and light cured for 10 sec. The cavity was then filled with composite in 
one bulk. After the composite was condensed, and a mylar matrix (Healthco Co., Boston, 
MA) was applied on top , it was light cured for 40 sec in all the directions. Excess 
composite was removed after 5 minutes with green and white composite finishing stones 
using a high speed handpiece . 
Group 11: 
Class V cavity preparations were performed with the air-abrasive system at 160 psi 
and 27 _µm particle size on the cervical third of the buccal surface of 11 molars and 
premolars . All the cavity margins were in enamel, and the cavity depth was at least 1. 5 
mm. Cavity diameter was approximately 3. 5 mm. Cavity surface was then conditioned 
with the air-abrasive system at 120 psi and 50 µm particle size. Primer was applied and 
dried. Adhesive was applied, air thinned and light cured for 10 sec. Composite was placed 
in the cavity in a bulk and condensed. A mylar matrix was applied on top, and light cured 
for 40 sec in all the directions. Excess composite was removed after 5 minutes with green 
and white stones on a high speed handpiece . 
The microleakage specimens were stored in deionized water at room temperature 
for 3 6 hours and then thermocycled for 3 00 cycles between 5 ° and 60 ° C ± 2 ° C, with a 
dwell time of 3 0 sec and transfer time of 15 sec. Thereafter, the specimens were replaced 
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in deionized water at room temperature for 3 6 hours . The root apex of all the specimens 
was covered with sticky wax. Then, all the surfaces were covered with clear nail polish, up 
to 1 mm from the preparation site, modifying the Phillips' technique (Phillips RW, 1961 ). 
The samples were immersed in 50% w/v aqueous solution of AgNO3 for 30 minutes, 
rinsed with deionized water and immersed in a photographic developer solution in the dark 
for 10 minutes for reduction and precipitation of silver in areas where the AgNO3 solution 
had penetrated. 
The samples were stored in a box with a damp cloth overnight and then embedded 
in the slow setting epoxy resin. The specimens were cut longitudinally through the center 
of the restoration with a high speed diamond saw (Isomet 2000) and each half examined 
with a stereomicroscope (Ultra Lite, Swift Instrument International S.A., Tokyo, Japan) at 
30x magnification. 
Microleakage was evaluated as the depth of the silver precipitation between the 
restoration and the cavo-surface at the occlusal and cervical walls on a 3x4 inch color 
picture. Microleakage was calculated in both halves of the specimens, and the AgNO3 
penetration was recorded in mm. The highest penetration value of the silver nitrate from 
each specimen halves was recorded on a spread sheet. 
SEM examination 
Representative specimens ( n=9) from each shear bond strength group were 
examined by means of SEM (Philips XL 20, Philips, Eindhoven, Holland), to analyze the 
fracture patterns at 1 00x and 1 000x magnifications. In addition, baseline enamel and 
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dentin specimens treated with 10% maleic acid; enamel specimen treated with 3 7% 
orthophosphoric acid; enamel and dentin specimens air-abraded at 120 psi and 50 µm 
particles size; enamel and dentin specimens air-abraded at 120 psi and 50 µm particles size 
plus 10% maleic acid; enamel specimen air-abraded at 120 psi and 50 µm particles size 
plus 37% orthophosphoric acid were examined (1 000x). 
To evaluate the bonding interface ( n=9) specimens from each bond strength group 
were sectioned longitudinally trough the bonding site after the debonding test and 
examined by means of SEM (2000x). 
The specimens were stored under desiccator for at least one night, then under 
vacuum at 50 millitor before being sputter coated with gold-palladium (Hummer , Anatech 
LTD , Alexandria , VA) . 
To evaluate the effect of air-abrasion on cavity preparations , two class I occlusal 
cavities at 160 psi and 27 µm particle size and two 3 3 0 high speed bur class I cavities 
were prepared . The specimens were then stored under desiccator for one night, gold-
palladium coated and examined by SEM at 9x and 43x magnification to examine the cavo-
surfaces . 
Data analysis 
All the statistical analysis of the data was performed with SYSTAT , version 5.0 
(SYSTAT , Inc .) . 
Groups 1 and 3: 
Statistical difference between the shear bond strength of the treatments was 
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evaluated at a= .01 with the t-test. 
Groups 4, 5, and 6: 
Significant statistical difference in the shear bond strength between the treatments 
of the groups 4, 5, and 6 was evaluated at a= .01 with the one-way analysis of variance 
(ANOV A) and the Scheffe Pairwise Comparisons tests. 
Groups 7, 8 and 9: 
Significant statistical difference in the shear bond strength between the treatments 
of the groups was tested at a= .01 with the one-way analysis of variance (ANOVA) and 
the Scheffo Pairwise Comparisons tests. 
Groups 10 and 11: 
Significant statistical difference of the penetra tion of the silver nitrate between the 
two treatments groups and between the cervical and occlusal penetration sites was 
assessed at a= .01 with the one-way analysis of variance (ANOVA) and the Scheffe 
Pairwise Comparisons tests . 
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Results 
A total of one hundred and seventeen samples were utilized in this study. Ninety 
specimens were tested for shear bond strength , twenty-three for microleakage , and four to 
compare by SEM the 330 high speed bur and the air-abrasion cavity preparation . The 
results of the shear bond strength test are shown in Table 1, Figure 6, Figure 7, and Figure 
8. The student t-test at a=0 . l was applied to the composite to enamel groups (Table 2) . 
Treatments were found not statistically different, but in the air-abrasion treatment group 
all the specimens failed before the shear bond strength test. The one-way analysis of 
variance test (ANOVA) was applied to analyze the findings of the composite to dentin 
shear bond strength (Table 3). At a=0 . l the different treatments of the study groups were 
found statistically significant (p<0.001) . The Scheffe Pairwise Comparison test (Table 4) 
indicates that between the air-abrasion alone and acid etching treatment there was a 
statistical difference (p<0 .001 ), with the acid etching group having significantly higher 
mean shear bond strength values. However , from the Scheffe test at a=0. l was evident 
that there is no statistical difference between acid etching and air-abrasion plus acid 
etching. 
To analyze the difference in the sealant shear bond strength of enamel air-abraded 
or conditioned with 37% orthophosphoric acid the ANOVA and the Scheffe Pairwise 
Comparison tests were used (Table 5 and Table 6). At a=0. l the orthophosphoric acid 
group had significantly higher shear bond strength values than the air-abrasion group 
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(p=0 .001) but there is no significant difference between the acid etching group and the air-
abrasion plus acid etching group . 
The microleakage mean values in mm of the occlusal and the cervical site are 
presented in Figure 9 and Table 7. The ANOV A and the Scheffe Pairwise Comparison 
tests are shown in Table 7 and Table 8. At a=0 . l there was no difference in microleakage 
between the two treatments , but there was a difference within the acid etching group 
between the sites , having the cervical site higher microleakage than the occlusal site 
(p<0 .01) . 
The SEM analysis of the shear bond strength failure pattern showed a mixed 
cohesive-adhesive fracture mechanism for the acid etching and the air-abrasion plus acid 
etching groups in dentin and in enamel (Figure 26, Figure 27, Figure 30, Figure 31, Figure 
32, Figure 33, Figure 36, Figure 37) . The images from the dentin and enamel air-abrasion 
specimens showed a prevalent adhesive failure pattern (Figure 28, Figure 29, Figure 34, 
Figure 35). 
In Figure 3 2, composite to dentin acid etching group , the cohesive-adhesive failure 
pattern is shown at 1 00x magnification. At 1 000x magnification of the same specimen 
(Figure 3 3 ), it is possible to see the fracture of the composite tags at the opening of the 
tubules . In Figure 28 and Figure 29, composite to air-abraded enamel , the adhesive failure 
pattern shows that no composite can be seen at either magnifications . In the composite to 
enamel acid etching and air-abrasion plus acid etching groups (Figure 26, Figure 27, 
Figure 30, Figure 31) the cohesive-adhesive pattern is present again. 
In Figure 36 and Figure 37, composite to dentin air-abrasion plus acid etching 
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group , the cohesive-adhesive failure pattern with the composite tags fractured at the 
tubules openings is visible. In Figure 34 and Figure 35, composite to air-abraded dentin 
group , the adhesive failure mechanism is shown. The dentin tubules and the resin tags are 
not present. The adhesive covers the rough conditioned surface. Composite material is not 
visible at either magnifications . 
In Figure 38 and Figure 39, Figure 42 and Figure 43, sealant to etched enamel and 
sealant to air-abraded plus acid etched enamel groups , the fractured sealant material is 
shown at l00x and l000x. Figure 40 and Figure 41, sealant to air-abraded enamel surface, 
appear rough without sealant material at both magnifications . 
The baseline images of the enamel and dentin conditioned with the air-abrasion, 
and conditioned with 10% maleic acid or 3 7% orthophosphoric acid were comparable 
with the images provided respectively by American Dental Technologies and 3M (Figure 
44, Figure 45, Figure 46, Figure 47, Figure 48) . The images from Figure 49, Figure 50, 
and Figure 51 represent the dentin and the enamel surfaces after air-abrasion plus acid 
etching treatment. The surfaces appeared similar to the surfaces of the corresponding 
specimens from the acid etching groups. 
The bonding interfaces of the shear borid strength specimens are shown in Figures 
52-60 . In Figure 52 and Figure 55, enamel and dentin acid etching groups , the appearance 
of the interfaces shows the penetration of the adhesive into the enamel and . dentin surfaces. 
In Figure 53 and Figure 56, enamel and dentin air-abrasion groups , the bonding interfaces 
appear more irregular and the penetration of the adhesive in the dentin and the enamel is 
less evident. Figure 54 and Figure 57, air-abrasion plus acid etching groups, show (as in 
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the acid etching alone groups) the adhesive deeply diffused into the conditioned enamel 
and dentin surfaces. The interfaces of the sealant groups show a more evident diffusion 
whenever the enamel surface is treated with acid etching (Figure 58, Figure 59), than with 
the air-abrasion alone (Figure 60) . 
Figure 61 and Figure 63 are images at 9x of a Class I cavity preparation obtained with 
air-abrasion at 120 psi and 27 µm particles size . It is possible to observe the smoothness 
and the regularity of cavo-surface . Figure 62 is a higher magnification ( 43x) of Figure 61. 
Figure 64 and Figure 65 are images at 9x magnification of a Class I 330 bur occlusal 
cavity preparation . The cavo-surface appears sharp and irregular (Figure 66) . 
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Table 1. Shear Bond Strength test 
Group# 
# I-Composite to Enamel 
#2-Composite to Enamel 
#3-Composite to Enamel 
#4-Composite to Dentin 
#5-Composite to Dentin 
#6-Composite to Dentin 
#7-Sealant 
#8-Sealant 
#9-Sealant 
Treatment 
10% maleic acid 
air-abrasion at 50 mm and 120 psi 
50 mm 120 psi+ 10% maleic acid 
10% maleic acid 
air-abrasion at 50 mm and 120 psi 
50 mm 120 psi+ 10% maleic acid 
3 7% orthophosphoric acid 
air-abrasion at 50 mm and 120 psi 
50 mm 120 psi+37% orthoph.acid 
n 
9 
7 
8 
7 
8 
9 
3 
8 
MeanMPa 
10.7 (3.6)* 
14 (1.9)* 
18.5 (5.1)* 
3.1 (2.0)* 
11.1 (5.8)* 
7.5 (2.0)* 
0.3 (0.1)* 
9.7 (3.0)* 
The shear bond strength is expressed in MegaPascal (MPa). *Standard Deviation. 
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Table 2. Unpaired t-test - Composite to Enamel Shear Bond Strength (MPa) 
Group n Mean SD t value P level 
Acid etching 9 10.7 3.6 2.193 0.046 
Air-abrasion+ Acid etching 7 14 1.9 
No statistical difference in the treatment groups at a=O . 1. 
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Table 3. ANOV A - Shear Bond Strength composite to dentin (MPa) 
Model DF ss MS F ratio P level 
Treatment 2 886.626 443 .313 20.118 <0.001 
S. B. Strength 20 440 .718 22.036 
Significant difference at p<0 .001 between the two treatment groups. 
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Table 4. P-value for Scheffe Pairwise Comparisons test-Composite to Dentin 
groups Acid Etching Air-abrasion Abrasion+Etch. 
x =l8.5 x =3.l x =ll.l 
Acid Etching x =J8.5 
Air-abrasion x =3.l <0.001 * 
Abrasion+ Etch. x =ll.l 0.018 0.013 
Acid etching treatment is significantly stronger than the air-abrasion treatment alone b 
equivalent to air-abrasion plus acid etching (p<0 .01). *=Statistically Significant. 
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Table 5. ANOV A test - Sealant Shear Bond Str~ngth (MPa) 
Model DF ss MS F ratio P level 
Treatment 2 191.827 95 .913 17.096 <0.001 
S. B . Strength 17 95 .367 5.610 
The treatment groups are significantly different at p<0 .001. 
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Table 6. P-value for Scheffe Pairwise Comparisons test-Sealant 
groups Acid Etching Air-abrasion Abrasion+Etch. 
x =7.5 x =0.3 x =9.7 
Acid Etching x =7.5 
Air-abrasion x =0.3 0.001 * 
Abrasion+Etch. x =9.7 0.201 <0.001 * 
Significantly higher bond strength values in the Acid etching group compared to the Air 
abrasion group (p=0.001), and in the Air-abrasion plus Acid etching group compared to 
Air-abrasion alone (p<0.001). No statistical difference between the Acid etching and the 
Air-abrasion plus Acid etching groups. *=Statistically Significant 
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Table 7. Mean microleakage values in mm 
Group n Treatment Site Mean (SD) 
Air-abrasion 11 class V cavity prepared with KCP occlusal 0.75 (0 .2)* 
2000 at 160 psi and 27 mm particles , cervical 0.7 (0.4)* 
conditioned at 120 psi and 50 mm 
330 bur 12 class V cavity prepared with 3 3 0 occlusal 0.46 (0 .2)* 
bur , conditioned with 10 % maleic cervical 0.86 (0.4)* 
acid 
The micro leakage is expressed in mm. * Standard Deviation 
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Table 8. ANOV A test - Microleakage (mm) 
Models 
Treatment 
Site 
Treatment* Site 
interaction 
Micro leakage 
DF 
1 
1 
1 
86 
ss 
0.131 
0.771 
1.044 
10.378 
MS 
0.131 
0.771 
1.044 
0.121 
F ratio P level 
<1 N .S. 
< l N .S. 
8.648 0.004 
Note the interaction between the variables treatment and site at p<0 .005. 
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Table 9. P-value for Scheffe Pairwise Comparisons test-Microleakage 
Group Abrasion Abrasion 330 bur 330 bur 
site occlusal cervical occlusal cervical 
mean x=0 .75 x=0 .7 x=46 x=0.86 
Abrasion occlusal x=0 .75 
Abrasion cervical x=0 .7 0.994 
330 bur occlusal x=0 .46 0.055 0.104 
330 bur cervical x=0.86 0.777 0.617 0.003* 
At a=0. 1 there is a significantly higher micro leakage in the cervical site of the 3 3 0 bur 
group (p<0 .01 ) . *=Statistically Significant. 
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Figure 6. Mean Shear Bond Strength Composite to Enamel. Acid etching and Air 
abrasion plus Acid etching treatment groups are not statistically different (a=0 .01). 
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Figure 7. Mean Shear Bond Strength Composite to Dentin. Acid etching is stronger 
than Air-abrasion treatment alone but equivalent to Air-abrasion plus Acid etching 
(p<0.01) . 
14 
12 
10 
«:S 8 
~ 
::;s 
6 
4 
2 
0 
57 
Acid etching Air-abrasion Acid etching+Air-
abrasion 
Figure 8. Mean Shear Bond Strength Sealant to Enamel. Air-abrasion group has 
significantly lower bond strength values compared to Acid etching and Air-abrasion 
plus Acid etching (p=0 .001) . No significant difference between Acid etching and 
Air-abrasion plus Acid etching (a=0 .01) . 
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Figure 9. Mean Microleakage score. Significantly higher microleakage in the 
cervical site compared to the occlusal site of the 330 bur group (p<0 .01). 
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Figure 10. Photomicrograph (30x) of microleakage of a composite restoration in cavity 
prepared with 330 high speed bur . Note the penetration of the AgNO3 at the dentin-
enamel junction in the cervical site (0.21 mm). 
Figure 11. Photomicrograph (30x) of microleakage of a composite restoration in cavity 
prepared with 3 3 0 high speed bur. See the AgNO3 at the dentin-enamel junction in the 
cervical site (0.18 mm). 
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Figure 12. Photomicrograph (30x) of microleakage of a composite restoration in cavity 
prepared with 330 high speed bur. The AgNO3 penetrated up to the dentin-enamel 
junction in the cervical site (0.29 mm). 
Figure 13. Photomicrograph (30x) of microleakage of a composite restoration in cavity 
prepared with 3 3 0 high speed bur. The AgNO3 penetrated up to the pulpal floor of the 
cavity preparation (0.49 mm). 
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-Figure 14. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. Note the AgNO3 precipitates at the occlusal site 
(0.15 mm). 
Figure 15. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. Observe the similar depth of penetration of the 
silver nitrate at the occlusal and cervical site (0.17 mm occlusal and 0.15 mm cervical). 
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Figure 16. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. Notice the depth of penetration of the silver nitrate 
at the cervical and occlusal site (0.11 mm cervical and 0.19 mm occlusal). 
Figure 17. Photomicrograph (30x) of microleakage of a composite restoration · in a cavity 
prepared with the air-abrasive system. Similar pattern of microleakage at the cervical and 
occlusal site (0.23 mm cervical and 0.28 mm occlusal) . 
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Figure 18. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. Predominant penetration of the silver nitrate at the 
cervical site (0.19 mm). 
Figure 19. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. Note the penetration of the silver nitrate at both 
occlusal and cervical sites (0.20 mm occlusal and 0.19 mm cervical). 
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Figure 20. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with 330 high speed bur. Minimal penetration of AgN0 3 at both occlusal and 
cervical sites (0.07 mm occlusal and 0.07 mm cervical). 
Figure 21. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with 330 high speed bur. Limited amount of AgN03 precipitates at the cavo-
surface (0.07 mm both sides). 
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Figure 22. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with 330 high speed bur. Note the AgN0 3 at the cervical site (0.18 mm). 
Figure 23. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with 330 high speed bur. Observe the AgN0 3 penetration up to the dentin-
enamel junction at the cervical site and the deep penetration at the occlusal site (0.17 mm 
cervical and 0.22 occlusal). 
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Figure 24. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. AgNO 3 penetrated up to the dentin-enamel junction 
at the cervical site (0.52 mm). 
Figure 25. Photomicrograph (30x) of microleakage of a composite restoration in a cavity 
prepared with the air-abrasive system. Note the silver nitrate over the dentin-enamel 
junction at the cervical site (0.18 mm). 
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Figure 26. SEM photograph (IO0x) of enamel surface treated with 10% maleic acid after 
debonding of the composite. Cohesive-adhesive fracture pattern. Observe the presence of 
the fractured composite material. 
Figure 27. SEM photograph (l000x) of enamel surface treated with 10% maleic acid after 
debonding of the composite. Same specimen of Picture 26. Note the fractured composite. 
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Figure 28. SEM photograph (l00x) of enamel surface treated with the air-abrasive system 
after debonding of the composite . Adhesive type of fracture. No composite is visible. 
Figure 29. SEM photograph (l000x) of enamel surface treated with the air-abrasive 
system after debonding of the composite. Same specimen of Picture 28 at higher 
magnification . No composite is found. 
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Figure 30. SEM photograph (l00x) of enamel surface treated with the air-abrasive system 
plus acid etching after debonding of the composite . Cohesive-adhesive type of failure. 
Note the fractured composite material. 
Figure 31. SEM photograph (I000x) of enamel surface treated with the air-abrasive 
system plus acid etching after debonding of the composite. Note from left to right the 
composite material, the adhesive layer and the enamel surface. 
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Figure 32. SEM photograph (l00x) of dentin surface treated with 10% maleic acid after 
debonding of the composite . Composite material is visible. Cohesive-adhesive fracture 
mechanism pattern. 
Figure 33. SEM photograph (l000x) of dentin surface treated with 10% maleic acid after 
debonding of the composite. Same specimen as above . The composite tags are fractured at 
the openings of the tubules. 
71 
Figure 34. SEM photograph (l00x) of dentin surface treated with air-abrasion after 
debonding of the composite. Composite material is not found. Adhesive type of fracture. 
Figure 35. SEM photograph (l000x) of dentin surface treated with air-abrasion after 
debonding of the composite. Same specimen of Picture 34, Dentinal tubules and 
composite resin tags are not visible. 
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Figure 36. SEM photograph (l00x) of dentin surface treated with 10% maleic acid and 
air-abrasion after debonding of the composite. Note the cohesive-adhesive fracture 
pattern . 
Figure 37. SEM photograph (l000x) of dentin surface treated with 10% maleic acid and 
air-abrasion after debonding of the composite. Same specimen of Picture 36. The dentin 
tubules present composite tags fractured at the openings. 
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Figure 38. SEM photograph (l00x) of enamel surface treated with 37% orthophosphoric 
acid after debonding of the sealant. Note the sealant material. 
Figure 39. SEM photograph (l000x) of enamel surface treated with 37% 
orthophosphoric acid after debonding of the sealant. Same specimen of as above. Note the 
sealant penetration at higher magnification. 
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Figure 40. SEM photograph (1 OOx) of enamel surface treated with air-abrasion after 
debonding of the sealant. No sealant is visible. 
Figure 41. SEM photograph (lOOOx) of enamel surface treated with air-abrasion after 
debonding of the sealant. Same specimen of Picture 40. 
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Figure 42. SEM photograph (l00x) of enamel surface treated with the air-abrasion and 
37% orthophosphoric acid after the debonding of the sealant. Note the presence of the 
sealant material on the enamel surface. 
Figure 43. SEM photograph (l000x) of enamel surface treated with the air-abrasion and 
3 7% orthophosphoric acid after the debonding of the sealant. Same specimen as above. 
Note the sealant attached to the enamel surface. 
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Figure 44. Enamel surface conditioned with the air-abrasive system at 120 psi and 50 µm 
particle size (SEM, l000 x). The enamel surface is coarse, no honeycomb pattern. 
Figure 45. Dentin surface conditioned with the air-abrasive system (KCP 2000) at 120 psi 
and 50 µm particle size (SEM, l000x). The dentinal surface appears rough with no 
opened tubules. 
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Figure 46. Enamel surface conditioned with 10% maleic acid (SEM, l000x). Note the 
microporosities on the surface created by the acid conditioning. 
Figure 47. Enamel surface conditioned with the air-abrasive system at 120 psi and 50 
microns particle size plus 10% maleic acid (SEM, 1 000x) . The surface is similar to the one 
above (Figure 46) . 
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Figure 48. Enamel surface conditioned with 3 7% orthophosphoric acid (SEM, 1 000x). 
Note the honeycomb pattern of the demineralized enamel. 
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Figure 49. Enamel surface conditioned with the air-abrasive system at 120 psi and 50 
microns particle size plus 3 7% orthophosphoric acid (SEM, 1 000x) . The honey-comb 
pattern is present. 
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Figure 50. Dentin surface conditioned with 10% maleic acid (SEM, l000x). The tubules 
are open, no smear layer is present. 
Figure 51. Dentin surface conditioned with air-abrasion at 120 psi and 50 microns 
particles size plus 10% maleic acid (SEM, I000x) . Note the open tubules as in the above 
figure. 
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Figure 52. Bonding interface between composite and enamel conditioned with 10% 
maleic acid (SEM, 2000x) . Note the adhesive penetration into the conditioned enamel 
surface. 
Figure 53. Bonding interface between composite and enamel conditioned with air-
abrasion at 120 psi and 50 microns particle size (SEM, 2000x). The adhesive layer is thin 
and irregular. 
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Figure 54. Bonding interface between composite and enamel conditioned with air-
abrasion plus 10% maleic acid (SEM, 2000x). Better adhesive penetration into the enamel 
surface than in Figure 5 3. 
Figure 55. Bonding interface between composite and dentin conditioned with 10% maleic 
acid (SEM, 2000x). Note the adhesive layer and the penetration into the dentin surface. 
Composite material in the background . 
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Figure 56. Bonding interface between composite and dentin conditioned with air-abrasion 
at 120 psi and 50 µm particle size (SEM, 2000x) . The adhesive penetration into the 
conditioned dentin is less evident than in Figure 5 5. 
Figure 57. Bonding interface between composite and dentin conditioned with air-abrasion 
at 120 psi and 50 µm particle size plus 10% maleic acid (SEM, 2000x) . The adhesive 
penetration into the dentin is similar to the image of the adhesive layer of Figure 5 5 but 
less homogenous. 
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Figure 58. Bonding interface between sealant and enamel conditioned with 3 7% 
orthophosphoric acid (SEM, 2000x). The sealant penetrated the enamel conditioned 
surface. 
Figure 59. Bonding interface between sealant and enamel conditioned with air-abrasion at 
120 psi and 50 µm (SEM, 2000x). The sealant penetration into the enamel surface is less 
evident than above (Figure 58). 
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Figure 60. Bonding interface between sealant and enamel conditioned with air-abrasion at 
120 psi and 50 µm plus 37% orthophosphoric acid (SEM, 2000x). The sealant penetrated 
the enamel surface . Irregular bonding surface. 
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Figure 61. Class I cavity prepared with the air-abrasive system at 160 psi and 27 µm 
particle size (SEM, 9x). Smooth surface appearance. 
Figure 62. Class I cavity prepared with the air-abrasive system at 160 psi and 27 µm 
particle size (SEM, 43x). Detail at higher magnification of the specimen in Figure 61. Note 
the regularity of the cavo surface. 
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Figure 63. Class I cavity prepared with the air-abrasive system at 160 psi and 27 µm 
particle size (SEM , 9x). Rounded cavo-surface angle. 
Figure 64. Class I cavity prepared with 330 high speed bur (SEM, 9x). The surface of the 
cavity appears irregular with a defined angle from the intact enamel and the preparation 
walls . 
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Figure 65. Class I cavity prepared with 330 high speed bur (SEM, 9x). Note the bur 
traces. The cavity walls are rough and irregular. 
Figure 66. Class I cavity prepared with 330 high speed bur (SEM, 42x). Detail from the 
specimen in Picture 66. The cavo-surface angle is sharp. The cavity walls appear uneven. 
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Discussion 
In the present study shear bond strength , microleakage and fracture mechanism 
pattern of an air-abrasive (KCP 2000) system were evaluated . The air-abrasive system 
particle size and delivery pressure settings utilized were those suggested . by the 
manufacturer , since the pilot study showed no difference in shear bond strength for all the 
other size and pressure settings combinations . The dentin adhesive system (Scotchbond 
Multipurpose) utilized in this study has been already utilized in several studies (Holtan JR 
et al., 1994; Lee SY and Greener EH , 1994; Swift EJ and Triolo PT , 1992; Swift EJ and 
Cloe BC, 1993; Triolo PT et al., 1993) . This system has a conditioner , 10% maleic acid, 
that etches the enamel and removes the dentinal smear layer. 
The shear bond strength results from this study of the composite to acid etched dentin 
were similar with those reported by Holtan (Holtan JR et al., 1994), Lee (Lee SY and 
Greener ER 1994), Oilo and Austrheim (Oilo G and Austreheim EK, 1993), and Swift 
and Triolo (Swift EJ and Triolo PT , 1992). Strength values of this study were very close 
to the ideal shear bond strength value of 20 l\1Pa suggested by Asmussen and Munksgaard 
(Asmussen E and Munksgaard EC, 1985) . According to the authors , a dentin bonding 
system able to reach a shear bond -strength of 20 l\1Pa compensates for the polymerization 
shrinkage forces , and eliminates the cavity-restoration gaps . 
The composite to acid etched enamel group showed lower than expected results , 
since in the current literature enamel shear bond strength values range usually between 16 
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MPa and 20 MPa (Barkmeier WW and Cooley R, 1992). This discrepancy may be due to 
the 10% maleic acid that , according to the manufacturer (3M, Dental Division, St. Paul, 
MN) , produces a shallower etched surface and less calcium removal than the 3 7% 
orthophosphoric acid, and lower bond strengths (Swift EJ and Cloe BC, 1993; Triolo PT 
et al., 1993). 
The sealant shear bond strength were lower than the composite to enamel shear bond 
strength values as the sealant material is unfilled and bears lowers bond strength stress 
forces . However , the· strength values observed in this study were comparable to the 
sealant shear bond strength results reported by Garcia-Godoy (Garcia-Godoy F et al., 
1991) . 
The shear bond strength results of composite to air-abraded dentin of this study were 
similar to those reported by Lauren (Lauren K et al., 1993 a) when the primer was used 
(air-abrasion plus acid etching group) , but lower if the air-abrasive system was used to 
condition the dentin alone . The author observed that air-abrasion of the dentin surface 
significantly increases the shear bond strength whether or not a primer is used . However , 
the results of this study showed that there is no difference in shear bond strength between 
using the primer alone or air-abrasion and the primer, but the shear bond strength is 
significantly lower when air-abrasion is used alone, as reported also by Roeder (Roeder 
LB et al., 1994). 
Even thought the air-abrasion treatment of the dentin surfaces produces a rough and 
porous surface , from the results of this study it seems not able to dissolve the inorganic 
component of the dentin and to expose the collagen fibers for the penetration of the 
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bonding agent. The high delivery pressure of the alumina particles may also have helped in 
the collapse of the collagen fibers, making more difficult the penetration of the adhesive. 
Scanning microscope evaluation of the bonding site of the air-abrasion specimens did not 
showed the presence of the hybrid layer as was seen in the acid etching samples. 
The air-abrasion shear bond strength to dentin and enamel results of this study are 
lower than the values reported by Roeder (Roeder LB et al., 1994) and Laurell (Laurell K 
et al., 1993a) , probably because the specimens in those studies were not thermocycled . 
The effects of the repeated thermal stress on different dentin bonding systems may vary, 
and the shear bond strength may be enhanced or lowered (Charracho AJ et al., 1990; 
Charracho AJ et al., 1991; Kubo S et al., 1992b). This may explain some dissimilarities in 
the results . 
In order to optimally resemble the in vivo conditions , the sample teeth should be 
tested immediately after extraction (ADA, Council of Dental Materials , Instruments and 
Equipment , 1994) . The specimens of this study were stored in water for a period of up to 
two years . However , according to Crim (Crim GA, 1989), none of the constituents of the 
dentine that is a significant contributor to the bonding process degenerate with time, as he 
reported no statistical difference in the microleakage of specimens that have been stored in 
water for less then 3 months or up to 18 months . . 
In the present study, some of the values from dentin shear bond strength groups 
showed a high variation . In the air-abraded dentin treatrnent group, the standard deviation 
is somehow close to 65 % of the mean value. The reason is possibly related to the non 
uniformity of the dentin substrate. Although the same technique was used to prepare all 
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the specimens , the high variability of the macrostructure and microstructure of the tooth 
may have had an effect. 
Olsson et al. (Olsson S et al., 1993), found that between teeth , and within the same 
tooth , even in the same bonding area, the exposed dentin shows difference in the number 
and diameter of tubules . 
The microleakage scores of this study were recorded in mm as done by Crim (Crim 
GA, 1989), and Staninec (Staninec M and Kawakami M, 1993) to have an absolute 
number , and especially because was it was difficult to standardize the cavity preparations 
between the 330 high speed bur group (acid etch) and the air-abrasion group . 
The majority of the studies in the current literature utilize a qualitative scale in graded 
order (Chohayeb AA and Rupp AA, 1981; Crim GA et al., 1985; Crim GA and Garcia-
Godoy F, 1987; Crim GA, 1989; Kubo S et al., 1992a; Mandras RS et al., 1991). 
However , the findings of this study are comparable to those reported in the literature in 
terms of prevalence of microleakage in the cervical site of the cavity. The fact that in this 
study, as well as in relevant literature (Crim GA and Mattingly SL, 1981; Crim GA et al., 
1985) the maximum amount of leakage was found in the enamel of the cervical wall is 
possibly related to the microscopic structure and to the thickness of the enamel in that site. 
The reduced thickness of the enamel at the cervical site may not be sufficient to counteract 
the polymerization shrinkage forces responsible for the gap formation (Eakle WS and 
~akamoto DK, 1989). 
Moreover , the microstructure of the enamel at the cervical site has a very irregular 
prismatic arrangement (Gwinnett AJ, 1967), that can cause less effective bonding and 
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increased microleakage (Crim GA and Mattingly SL, 1991 ) . 
All the specimens in this study were stored in deionized water for at least 24 hours 
after curing the composite to allow relaxation of the polymerization stresses and 
hygroscopic expansion as suggested by ADA (ADA, Council of Dental Mater ials, 
Instruments and Equipment , 1994) . The hygroscopic expansion helps in sealing the 
preparation margins diminishing the marginal gaps (Crim GA and Garcia-Godoy F, 1987; 
Hansen EK and Asmussen E, 1989). However , the results of this study still showed a 
marginal microleakage , even though the shear bond strength was close to the value 
indicated by Asmussen (Asmussen E and Munksgaard EC, 1989) and Retif (Retif DH et 
al., 1992) for a gap free bonding . According to Retief (Retif DH et al., 1992), a shear 
bond strength of circa 21 MPa may reduce the marginal microleakage to almost zero , but 
this was not confirmed by this study . 
Laurell et al. (Laurell K, Ficher TE et al., 1994b ), reported no difference in the dentin 
permeability after treatment of the dentin with a high speed bur or air-abrasion . In the 
present study , there was no difference in microleakage between the treatments . In the air-
abrasion group there was no statistically significant difference between the occlusal and 
the cervical site in the leakage , but there was significantly higher staining in acid etching 
group at the cervical site. 
The more consistent findings in the occlusal and the cervical location of the air-
abrasion group may be explained with a more homogenous conditioning of the tooth 
surface , independent from the underlining structure , but not effective enough to produce a 
very strong bonding . Therefore , the polymerization shrinkage forces may have converged 
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towards the center of the filling material , producing the same amount of gap at both sites. 
The SEM analysis of the fracture mechanism pattern of the specimens after the shear 
bond strength test , confirmed that lower rv!Pa values correspond to a fracture within the 
adhesive layer as reported earlier in the literature ( Charracho AJ et al., 1991; Chappell RP 
et al., 1991) . 
Lin and Douglas (Lin CP and Douglas WH, 1994 ), analyzing the failure mechanism of 
Scotchbond Multipurpose , found that the adhesive system fractures in a mixed cohesive-
adhesive pattern as found in the present study . Tam and Pillar (Tam LE and Pillar RM, 
1994) found that the Scotchbond Multipurpose systein adhesive does . not impregnate 
uniformly the collagen layer, leaving gaps of unprotected dentin . The exposed 
demineralized dentin is considered the weak point of the bonding (Van Meerbeek B et al., 
1992) . 
The mixed cohesive-adhesive fracture mechaJ?sm may have been caused by the 
incomplete wetting of the bonding agent to the dentin collagen fibers. Moreover , has been 
reported by Tam and Pillar (Tam LE and Pillar RM, 1994),. that the Scotchbond 
Multipurpose system resin tags are smooth , without any sign of wetting the inner tubule 
walls . However , Walshaw (Walshaw PR and McComb D, 1994) found that Scotchbond 
Multipurpose was one of the two dentin adhesive systems able to produce an acid resistant 
hybrid layer with very few adhesive free gaps. In this study, the fracture mechanism 
pattern of the specimens was of the cohesive-adhesive type whenever the samples were 
etched or air-abraded plus acid etched , and of the adhesive type if the air-abrasion system 
was used alone . 
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No studies have been published regarding the fracture pattern of specimens treated 
with the air-abrasion system . However , the baseline SEM images of the enamel and dentin 
surfaces treated with the air-abrasion system are comparable with the images obtained by 
the manufacturer. It seems that the weak part of the bonding in the air-abrasion specimens 
lays within the adhesive layer, probably due to an incomplete penetration of the adhesive -
because the collagen fibers were not sufficiently exposed . 
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Conclusions 
I. Acid etching and air-abrasion plus acid etching showed significantly higher shear bond 
strength values than air-abrasion alone in conditioning the dentin and the enamel 
surface for sealant and composite bonding. 
2. Air-abrasion plus acid etching shear bond strength results were equivalent to acid 
etching treatment in dentin and enamel conditioning for sealant and composite 
bonding. 
3. There was no significant difference in marginal microleakage between the air-abrasion 
cavity perparation group and the 330 high speed bur cavity preparation group. 
4. There was no significant difference in marginal micro leakage between the cervical and 
the occlusal site in the air-abrasion cavity preparation group. 
5. Within the 3 3 0 high speed bur cavity preparation group there was a significantly less 
marginal microleakage in the occlusal site compared to the cervical site. 
6. The bonding interface of the acid etching and air-abrasion plus acid etching specimens 
showed a deeper penetration of the adhesive into the conditioned enamel and dentin 
surfaces. 
7. The failure mechanism pattern after the debonding test was of cohesive-adhesive 
nature for the specimens conditioned with maleic acid, maleic acid plus air-abrasion, 
and orthophosphoric acid. 
8. The failure mechanism pattern after the debonding test was of adhesive nature for the 
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specimens conditioned with air-abrasion. 
9. The SEM images of the air-abrasion cavity preparation showed a smooth and regular 
cavo-surface . 
IO. The SEM images of the 3 3 0 high speed bur cavity preparation showed a coarse and 
uneven cavo-surface. 
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